Several B-lymphocyte mitogens have been previously characterized as efficient inducers of endogenous C-type viruses in mouse spleen cell cultures. We now report that foetal calf serum is also capable of inducing C-type virus release in such cultures. While virus induction by B-cell mitogens was found to be serum independent, the combined effects of serum and mitogens were found to be additive and, with some serum batches, synergistic. The kinetics of induction of virus release by serum was very similar to the established pattern using mitogens. The effect of serum was concentration-dependent. The serum lipoprotein fraction prepared by density ultracentrifugation contained virus-inducing activity. By co-cultivation with mink CCL64 cells, stable lines of mouse xenotropic C-type virus could be recovered from cultures which contained serum, serum lipoprotein fraction or mitogens, but not from control cultures. Preliminary evidence indicates that human sera contained a similar virus-inducing activity in the lipoprotein fraction.
INTRODUCTION
Endogenous C-type virus expression is known to be aetiologically involved in the development of murine lymphatic leukaemias (Kaplan, I967; Gross, I97o) . A current concept suggests that oncogenic viruses are generated following expression and recombination of seemingly non-oncogenic endogenous viruses. This concept arose first from studies with AKR mice, the classical model of spontaneous viral leukaemogenesis in mice. Here, an ecotropic virus is expressed early in life, followed by later expression of xenotropic virus. Still later, at the time of lymphoma development, a new virus, designated MCF, can be detected which represents a recombination between eco* and xenotropic viruses and displays the host range pattern of both viruses (Kawashima et al. I976; Elder et al. r977; Hartley et al. I977 )-It has the new property of forming loci on mink cells. Irt the radiation leukaemia virus system of C57BL mice, the leukaemogenic activity is restricted to a thymotropic virus (Haas, J978) which is thought to be a recombinant virus as well (M. Haas, personal communication) . To study and eventually reproduce these phenomena in tissue culture, well characterized in vitro systems are needed where virus expression can be induced and studied in defined subpopulations of lymphocytes. Previous work from our laboratory (Moroni & Schumann, I975, ~976, I978; Moroni et al. I975; Schumann & Moroni, I977) and others (Greenberger et al. I975; Phillips et al. I977) has indicated that several B-cell mitogens induce xenotropic virus in a subpopulation of B-cells 48 to 72 h after stimu-lation. Lipopolysaccharide (LPS) from the cell wall of Gram-negative bacteria, bacterial lipoprotein, tuberculin (PPD) and Nocardia water soluble antigen are all virus-inducing B-cell mitogens. These agents should be useful in exploring the cellular control over endogenous xenotropic viruses and their role in leukaemogenesis. Their use has led to results suggesting a requirement for virus gene expression during the immune response (Moroni & Schumann, I977; Schumann & Moroni, I978) . The present report further characterizes the mitogen virus induction system by defining the role of foetal calf serum (FCS). It will be shown that mitogens induce virus in the absence of serum, that serum enhances this effect and is also capable of inducing virus by itself.
METHODS
Mice. Pathogen-free, 6-to m-week-old, BALB/c and AKR mice were purchased from Bomholdgard, Denmark. C3H mice of the same age were obtained from the Institut fiir Biologisch-medizinische Forschung AG, Fiillinsdorf, Switzerland.
Serum. Foetal calf serum (mycoplasma and virus screened; FCS) was obtained from the following companies: GIBCO, Grand Island, N.Y. ; Rehatuin, Reheis, Chicago, Ill., U.S.A. All sera were kept frozen in small samples and thawed only once. Serum lipoproteins (SLP) were prepared from particular batches of serum as described below.
Spleen cell cultures. One ml cultures containing 2 × IO 6 nucleated spleen cells were prepared as previously described (Schumann et al. I973) and incubated 3 days at 37 °C in 7% CO2 in air without medium changes. Medium was RPMI-I64o containing 20 mMHepes buffer (Microbiological Associates, Bethesda, Md., U.S.A.), supplemented with penicillin (IOO international units/ml, Hoechst, Frankfurt, Federal Republic of Germany) and streptomycin 0oo#g/ml, Novo Industri, Copenhagen, Denmark), and 8% foetal calf serum where indicated. Mitogens were added at the onset of culturing at the following optimal concentrations: LPS W from Escherichia coli oI I I :B 4 (Difco, Michigan, U.S.A.) at I6#g/ml, PPD (Statens Serum Institut, Copenhagen, Denmark) at 5o#g/ml and serum lipoprotein fraction (SLP) at 6/zl/ml. After 24 h, 5 #g/ml bromodeoxyuridine (BrdUrd; Calbiochem, California, U.S.A.) was added to cultures in some experiments. Control cultures contained no mitogens.
Virus harvesting. After 3 days in culture, virus was harvested from supernatants. In experiments performed with I ml cultures, ten parallel cultures were pooled and centrifuged at Iooog for Io min to remove cells, then at I2ooog for Io min at 4 °C to remove cellular debris. Virus was pelleted by centrifugation in a Beckman SW4o rotor at 4o000 rev/min for 30 min at 4 °C, through a cushion of 3 ml NET buffer (5o mM-tris, I mM-EDTA, Ioo mMNaC1, pH 7"4) containing 20 ~ glycerol. Virus was resuspended in 5 °/zl of buffer containing glycerol as described previously (Moroni et al. I975) .
C-type virus assay. Virus was assayed as described (Moroni et aL I975) by determining reverse transcriptase activity. Polymerization of 3H-thymidine triphosphate (Radiochemical Centre, Amersham, U.K.) with An. dT12_13 (Collaborative Research, Miles Laboratories, Elkhart, Indiana, U.S.A.) was measured. Values are given as pmol TMP incorporation during 60 min at 30 °C, I pmol corresponding to 7500 d/min. Each experimental value was determined on the virus pellet from the pooled ten individual I ml cultures and the reverse transcriptase activity determined in duplicate or triplicate. The mean of these values was taken as the value represented. Generally, virus samples corresponding to 2 ml culture supernatant were assayed.
Preparation of serum lipoprotein fraction (SLP) from serum. Lipoproteins were separated from serum by ultracentrifugation after adjusting the serum density to 1.2I g/ml with NaBr according to the method of Havel et al. (I955) . Serum was centrifuged at 4oooo * At day 3, superuatants from ten I ml cultures were pooled and the enzyme activity in a virus pellet corresponding to 2 ml culture supernatant was determined in duplicate.
t 16/zg/ml. :I: 5 p g/ml; added 24 h after culture initiation. § Sera employed were: I, Gibco batch KI5o7oi; 2, Gibco batch K763IolS; 3, Reheis batch J21912. Serum concentration was 8 %.
[[ NT, not tested.
rev/min in a Beckman Ti 4I rotor for 2o h at 16 °C. Serum lipoproteins corresponding to the upper laYer with a density less than 1.21 g/ml were carefully removed from the top of the tube with a Pasteur pipette. This corresponds to the whole of the low and high density lipoproteins from serum and was 7"5 % whole serum. The remainder constituted the SLPfree serum fraction. Both the pooled serum lipoprotein fraction and the SLP-free serum were dialysed against Dulbecco's phosphate buffered saline. SLP and SLP-free serum were finally filtered and stored frozen in small portions. Human SLP was prepared in the same manner with serum obtained from the blood of normal healthy male donors.
Recovery of induced virus by co-cultivation.
Infective virus from serum-free spleen cultures was recovered by co-cultivation with mink lung CCL64 cells (obtained from Dr N. Teich, I.C.R.F., London) as follows. At 66 h after the onset of spleen cell culturing, subconfluent CCL64 ceils were trypsinized and re-plated in Ioo mm Falcon tissue culture plates in the presence of polybrene (2o/t,g/ml, Aldrich, Dorset, U.K.). After a further 6 h, when cells had re-attached and covered about 7o % of the plate, the medium was removed and three I ml spleen cell cultures, containing approx. 6 × lO 6 stimulated or unstimulated spleen cells, were resuspended in their supernatants and added to each plate. Polybrene was added to a concentration of 2o #g/ml and the plate incubated for I h. After incubation, the cells were removed, replaced with a further 3 ml of the resuspended spleen cells, the medium adjusted to io ml containing polybrene and incubated for a further I6 h. The cultures were then passaged twice weekly in the absence of polybrene and the supernatants were assayed for reverse transcriptase activity.
RESULTS
To determine whether FCS is a culture component essential for virus induction by the B-cell mitogen LPS, we compared virus induction in BALB/c spleen cell cultures in the presence and absence of FCS. Virus induction by LPS was found to be serum independent (Table I) . Higher activities were, however, detected in those cultures containing LPS in the presence of FCS, indicating that the presence of FCS amplifies LPS virus induction. An unexpected finding was that serum-containing cultures also showed several-fold higher reverse transcriptase activities than serum-free control cultures. These results suggested that FCS alone may be an inducer of low levels of endogenous C-type viruses from mouse lymphocytes. Similar results were obtained in several repeat experiments using BALB/c and AKR cultures (see below). Bromodeoxyuridine (BrdUrd) has previously been found to have a synergistic effect with virus-inducing mitogens (Moroni et al. I975) . This synergistic effect with LPS is observed both in the presence and absence of FCS (Table I) . However, higher values were again observed in the presence of FCS. In the absence of serum, BrdUrd had no effect on the cultures. Nevertheless, when either FCS or LPS were present, BrdUrd acted synergistically to increase virus release.
As several-fold higher reverse transcriptase activities were detected in FCS-containing cultures with AKR than with BALB/c lymphocyte cultures, the effects of serum concentration and kinetics of virus release were examined in AKR lymphocyte cultures. Virus induction by FCS, as well as its amplifying effect on LPS virus induction was found to be concentration dependent. Fig. I shows the effect of increasing concentration of two different sera on virus release in spleen cell cultures of AKR mice. No virus was detected in the absence of LPS when the FCS concentration was below o.8 %. At 8 %, both sera tested were found to be virus-inductive. It is conceivable that serum concentrations higher than 8 % would yield more virus, but this was not tested. With one batch of FCS approx, four times more virus was recovered than with a second batch. The amplifying effects of the sera on virus induction by LPS were also concentration dependent, since both produced similar amounts of virus when added together with LPS. As shown in Fig. I , when LPS was combined with FCS batch J21912 , the combined effect was synergistic rather than additive.
To determine whether the virus induction by serum followed similar kinetics of virus release to that previously observed with LPS (Schumann & Moroni, 1977) , virus release in serum-free or serum-containing cultures was assayed at 24 h intervals over a 4-day period. FCS and LPS induced similar kinetics of virus release (Fig. 2) suggesting a similar Table I . t SLP was prepared from Gibco foetal calf serum batch KI5o7ot. :~ Reheis foetal calf serum batch J219I 2. § Human SLP was aseptically prepared from the blood of three normal donors.
mechanism. The coincident peak of maximum virus release occurred on day 3. No virus was detected in serum-free cultures during this period.
To characterize the inducing principle, different fractions of FCS were examined for inducing activity. The serum lipoprotein fraction (SLP; high and low density lipoproteins, see Methods) was found to contain virus-inducing activity. Table 2 shows that SLP induced virus from serum-free BALB/c, C3 H and AKR cultures. Notably, SLP did not induce as high a value as LPS in AKR mice. The addition of BrdUrd to SLP-stimulated cultures did not result in an increased yield of virus. This was in contrast to the synergistic inci'ease observed with LPS in these cultures. Also shown in Table 2 is an experiment where the effect of SLP-free FCS is tested in AKR cultures (Expt. 2). As expected, lower values were observed compared with SLP-containing serum. However, a distinct virus-inducing activity was still observed suggesting that FCS may contain more than one virus-inducing principle.
As a preliminary approach to test whether SLP fractions from other species contained a similar activity, SLP fractions from three human serum donors were also tested in AKR cultures (Table 2 ). All three human SLP samples were active and two of these samples were found to be more active than SLP from foetal calf serum in this experiment.
To see whether serum and its lipoprotein fraction induced biologically active virus particles and to confirm virus induction by an independent method, stimulated BALB/c spleen cultures were co-cultivated with uninfected CCL64 cells (Fig. 3) . Virus was recovered from cultures stimulated by the known virus inducers LPS and PPD as well as from cultures containing SLP or 8 % serum. The later onset of virus production by CCL64 cells following infection with the serum-containing cultures is indicative of lower amounts of infective virus, since it has been shown that the time of appearance of virus is proportional to the input of virus (J. P. Stoye, unpublished results). High virus activities have been established in these cultures and permanent, stably-infected CCL64 cell lines releasing xenotropic murine virus have been maintained from these experiments. Unstimulated serum-free spleen cell cultures were not infective and no virus-producing permanent cell lines could be established. The nature of the very low (less than o'3 pmol) and transient activity around passage 7 in this group is not known. It has not been observed in repeat experiments. Furthermore, Fig. 3 confirms that virus induction by LPS and PPD occurs independently of the presence of FCS.
DISCUSSION
This study shows that inclusion of foetal calf serum in primary spleen cell cultures modifies the expression of endogenous viruses. When virus-inducing B-cell mitogens, such as LPS or PPD, are present, enhanced virus release is observed. While this effect could be due to a nutritional effect of serum stimulating cell metabolism, this cannot be the full explanation since serum also induces virus release by itself. As several B-cell mitogens are now known to be virus inducers, the most plausible explanation would be that virus induction is due to naturally occurring B-cell mitogens present in foetal calf serum. This interpretation is supported by several facts. Some foetal calf sera do indeed contain B-cell mitogens which can induce B-celt proliferation and differentiation (Schreier & Nordin, ~977) . Furthermore, the time course of induction was very similar when LPS or serum was used, suggesting a similar mechanism. In addition, when the relative content of B-cells in our cultures was either depleted by nylon wool filtration or enhanced by removing T-cells using cytotoxic sera, virus induction by serum was dependent on the presence of B-cells (unpublished data). This suggests that in this system also, as we have previously described (Schumann & Moroni, I978) , the B-cells are the target cells of virus induction requiring mitogenic stimulation. Based on information from the LPS-induction system, we anticipate that the cell releasing infectious virus is a rare one, in the order of one in a thousand or less (J. Stoye & C. Moroni, unpublished data). Obviously, cell viability measurements of total cells will not tell us whether serum acts by a nutritional or an immunological, i.e. mitogenic, effect on that particular cell. In any case we observed no appreciable differences in cell viability between virus releasing and non-releasing cultures.
As with all B-cell inducing mitogens, BrdUrd enhanced virus induction by serum. The possible mechanism of this synergistic effect has been discussed (Moroni & Schumann, ~976) . Surprisingly, the SLP fraction did not show this synergism. This argues that the activity present in SLP is a molecular entity distinct from the bacteria-derived inducing mitogens and also argues against the possibility that a bacterial LPS contamination present in foetal calf serum is responsible for the observed effects. Bacterial LPS contamination is also ruled out by the fact that virus-inducing activity was also present in aseptically prepared SLP fractions from three out of three healthy human donors. We do not know why serum and its SLP fraction differ with respect to the synergism with BrdUrd. One explanation could be that serum contains several distinct virus-inducing mitogens, of which only some show synergism with BrdUrd. This is reflected also by the observation that SLP-free serum still shows some inducing activity. Other virus-inducing mitogens may be contained in the SLP-free serum fraction.
Virus induction by serum alone has not been observed by other workers when they performed co-cultivation experiments (Sherr et al. I974) . This could be due to the fact that the virus-inducing activity of serum is clearly batch-dependent. In our hands, with one serum batch no virus could be recovered by co-cultivation (data not shown). Furthermore, the different co-cultivation protocols seem to be important. To maximize virus induction by mitogens, cells and supernatants are co-cultivated at high lymphocyte density and at the time of maximal virus release on day 3 with the indicator fibroblast line.
The virus recovered by co-cultivation is xenotropic in host range. Only xenotropic viruses have been reported as being induced in BALB/c mouse spleen cell cultures using mitogens (Moroni & Schumann, I976; Phillips et al. r977 )-Virus can also be recovered by cocultivation of induced spleen cell cultures with SIRC (rabbit corneal) cells (data not shown). We have never observed any evidence of foci on mink cells using serum, SLP or mitogens as inducers and therefore presume that no MCF virus is induced. Furthermore, no endogenous mink viruses or reverse transcriptase activity has been detected in mink cell cultures maintained permanently in our laboratory.
The significance of these findings is several-fold. While it is not known whether different mitogens induce the same endogenous virus copies or not, it is known that different B-cell mitogens are specific for largely non-overlapping subpopulations of B-cells (Gronowicz & Coutinho, ~976) . Therefore, to induce virus from the LPS responsive population, the process should be carried out in the absence of serum containing other ill-defined mitogens which might concomitantly activate other B-cell subpopulations. Furthermore, workers designing experiments to study in vitro transformation of lymphocytes should be aware 'of the virus-inducing ability of serum. Caution must also be exercised by immunologists performing membrane serology on cultured lymphoid cells, particularly when using murine allosera. Some cultured cells will display virus ' neoantigens' following culturing which may react with naturally occurring antiviral antibodies in mouse sera (Lee & Ihle, 1975) , hence creating artifacts. While the implications of this report are predominantly technical in 3-2
